Objectives: To asses whether the Van Lieshout Test (VLT) is responsive to measure changes in arm hand skilled performance (AHSP) over time during active rehabilitation in persons with cervical spinal cord injury (C-SCI) and in different subgroups of persons with C-SCI according to lesion completeness and to lesion level. Study design: Longitudinal cohort study. Setting: Spinal Cord Injury Units in eight rehabilitation centres across the Netherlands. Methods: In the present study, data from a national SCI cohort study are used. Data from the VLT, the Grasp Release Test (GRT), the Functional Independence Measure (FIM) and the Quadriplegia Index of Function (QIF) were recorded at three moments during active rehabilitation: at the start of active rehabilitation (t1), 3 months after t1 (t2) and at discharge (t3). Data have been analysed using three responsiveness measures, that is, the standardized response mean, the effect size and comparison of test scores measured at different times. Results: The VLT is responsive for the intervals t1-3, t1-2 and t2-3. The VLT can be used to measure changes in AHSP in persons with a C-SCI with an American Spinal Injury Association Impairment Scale (AIS) A or B score or an AIS C or D score, as well as in persons with a C3-C6 lesion or a C7-T1 lesion. The responsiveness of the VLT is significantly correlated to the GRT, but not to the FIM and the QIF. Conclusion: The VLT is responsive in measuring changes in AHSP during rehabilitation in persons with C-SCI.
Introduction
Persons with a cervical spinal cord injury (C-SCI) have limited arm hand function causing severe difficulties or even an inability to perform daily skills. The extent of the impaired arm hand function strongly depends on the lesion level and the degree of incompleteness of the lesion. Functional deficits can be measured at the level of (1) impairments of structure and function, (2) activity limitations and (3) participation restrictions as defined in the International Classification of Functioning, Disability and Health (ICF). 1 The level of activities in the ICF includes a broad range of activities from basic activities like grasping and moving objects to complex activities like dressing and grooming. In the present study, the term 'arm hand function' (AHF) will refer to the ICF 'function' level, whereas 'arm hand skilled performance' (AHSP) or 'upper extremity skilled performance' will refer to the level of 'disability' or 'activity' in accordance with the ICF nomenclature.
A small gain in AHF and AHSP may lead to large differences in self-management and quality of life. Previous research showed that patients with a C-SCI expect a better quality of life if their AHF and AHSP would improve and that improvement in arm and hand is a top priority in comparison to other SCI-associated problems.
2-5 Therefore, restoring the highest possible level of AHSP and AHF is a very important goal in the rehabilitation of persons with C-SCI.
To establish a good rehabilitation policy with respect to the arm and hand, it is necessary to be able to evaluate and to objectify and quantify the amount of progress in arm and hand, both from a patient's motivational point of view and as to provision of information to the patient.
There are some instruments that measure AHF at the ICF function level, like the Manual Muscle Testing 6 and hand-held dynamometry. 7 However, for patients these measures remain very abstract as they do not provide information about the actual skills patients will be able to perform. Even for therapists, measurements at function level are not a priority in evaluating arm and hand, as there is a growing interest in measurements at ICF activity level (AHSP) and especially in gauging the quality of movement to assess which strategies patients use to perform a skill.
Despite the vast clinical experience, the objective assessment of upper extremity skilled performance and especially the objective assessment of movement quality is still very limited. Measurements at activity level and more specifically at the level of complex activities encompass, among others, the Functional Independence Measure (FIM) 8, 9 and the Quadriplegia Index of Function (QIF). 10 The FIM is extensively used to evaluate persons with SCI, but it is not specific for C-SCI. 11 The QIF has been designed for C-SCI, but both the FIM and the QIF measure more the overall level of independency, which involves complex activities like washing and grooming. They do not provide specific information about AHSP.
The Grasp Release Test (GRT) 12 is a specific hand function test at the ICF level of basic activities and has originally been designed to assess the use of a hand neuroprosthesis in C5-C6 tetraplegic persons, but may be used for all tetraplegic patients. It is a quantitative test that counts the total number of certain objects people can grasp, move and release. Previous research showed a good test-retest reliability of the GRT and the ability of the GRT to detect changes in hand function following tendon transfer and functional electrostimulation. 13 Because none of the above mentioned-instruments solved the problem of objectively quantifying the quality of the movement of the actual upper extremity performance during different daily skills in persons with a C-SCI, the Van Lieshout Test (VLT) for arm hand performance was developed.
14 The VLT consists of 19 tasks that cover the majority of arm hand functions associated with activity of daily living (ADL) and best represents the level of basic activities according to the ICF. Five basic arm and hand modalities can be distinguished in the VLT, that is, (1) general performance of the arms aimed at movement of the body, (2) positioning and stabilizing the arms, (3) current status regarding opening and closing of the functional hand, (4) grasp and release and (5) manipulation using both thumb and fingers. The execution of each task is scored on a six-point scale (0-5), indicating the quality of performance. To look at the grip strength of the thumb, for example, the way a person can pour a can of water using his thumb is observed. A description of the VLT is given by Post et al. 15 and at http://www.irv.nl/ vlt. Next to the full version of the VLT, which may be used in comprehensive clinical evaluation, a short 10-item version (VLT-SF) has been designed for research purposes. The VLT-SF highly correlates with the long version of the VLT (r ¼ 0.90-0.93) 15 and is used in the present study. Besides objectifying the quality of the movement, the VLT is a starting point for hand function therapy and a tool to assist in clinical decision making as to treatment policy.
The VLT is a new instrument that provides information about strategies of arm and hand patients use to perform an activity. The criterion validity (Spearman's r ¼ 0.87-0.90) and the inter-rater reliability (ICC ¼ 0.98-0.99) of the VLT-SF were found to be very good and the internal consistency reliability (Cronbach's a ¼ 0.88-0.94) of the VLT-SF was also found to be good. 15 Because of the growing interest of physicians and therapists in measuring progress in clinical status of patients, recent research has put a greater emphasis on a test's capacity to detect change. 16 The present study will look whether the VLT is able to detect changes in AHSP. In general, the psychometric property associated with the ability to measure change is called 'responsiveness' or 'sensitivity to change', although many variations on this definition exist. 17 In the present study, we use the term 'responsiveness' as this term is used more often in literature, although the term 'sensitivity to change' may be more comprehensible in clinical use.
The study of responsiveness is relatively new to the health sciences literature and the discussion as to which analytic strategies should be used is still ongoing. For the 'criteria-based responsiveness', a standard or criterion is used in judging whether there is clinically meaningful change. Many studies use a stable reference group to compare the changing group with. 18 As there was no external criterion or stable group available in the present study, the 'distribution-based responsiveness' will be used. 18, 19 As clinicians are interested to know whether the VLT can be used to measure changes in AHSP in persons with C-SCI, irrespective of their lesion level and lesion completeness, the present study will describe the responsiveness of the VLT in different subgroups of persons with C-SCI.
At present, the FIM, the QIF and the GRT are the test batteries most often used in persons with C-SCI. Therefore, the responsiveness of the VLT will be investigated alongside the responsiveness of these wellknown test batteries as a matter of reference and the responsiveness of the different test batteries will be correlated to each other. However, the aim of the present study is not to compare the responsiveness in terms of 'better' or 'worse' as all test batteries provide different information and therefore comparison may be impeded.
The main hypothesis of the current study is that the VLT may be used to assess changes over time regarding AHSP in persons with C-SCI. The aim of the present study is to answer the following questions: (1) Is the VLT responsive as to AHSP during rehabilitation in persons with cervical SCI? (2) Is the VLT responsive in persons with a C-SCI with either an A or B score or a C or D score according to the ASIA Impairment scale? (3) Is the VLT responsive in persons with a C3-C6 lesion and persons with a C7-T1 lesion? (4) How does the responsiveness of the VLT relate to the responsiveness of the GRT, the FIM and the QIF in persons with C-SCI?
Methods

Subjects
This study is part of the Dutch research program Physical Strain, Work Capacity and Mechanisms of Restoration of Mobility in the Rehabilitation of Persons with Spinal Cord Injuries (www.fbw.vu.nl/onderzoek/ A4zon/ZONenglish). Eight Dutch rehabilitation centres specialized in the rehabilitation of persons with SCI participated in this programme. Patients with an acute SCI have been followed from the onset of rehabilitation to discharge, resulting in three measurement moments as described in the procedure section. The duration of patient influx was 3 years. From the 83 persons with C-SCI who participated in this longitudinal cohort study, 60 persons have been selected. Inclusion criteria consisted of cervical (in)complete SCI (including the T1 level), and age between 18 and 65 years. Exclusion criteria were cervical SCI with severe additional neurological, orthopaedic or rheumatologic diseases, which interfered with the ADL functioning and upper limb skilled performance. Also excluded were persons who performed the upper extremity tests only once (n ¼ 7), persons with C-SCI with an unimpaired upper extremity performance (because their 'best hand' was at the body side on which the lesion level was below T1) (n ¼ 4) or persons with C-SCI who were not able to perform upper extremity measurements at all (these were persons with a complete C-SCI at C3 level, for example) (n ¼ 12). Persons were classified by lesion characteristics according to the International Standards for Neurological and Functional Classification of Spinal Cord Injury. 20 During the upper extremity measurements, the best hand was used. Therefore, subjects were categorized by lesion level of the best hand and by level of SCI completeness, that is, persons with an A or B score and persons with a C or D score, according to the American Spinal Injury Association Impairment Scale (AIS). 20 
Procedures
In each participating rehabilitation centre, one trained research assistant conducted the measurements according to a standardized protocol described in the research programme. Subjects were assessed at three moments during active rehabilitation: at the start of the functional rehabilitation (t1), defined as the moment subjects were just able to sit in their wheelchair for at least 3 consecutive hours; 3 months later (t2); and at the time of discharge (t3). In those cases where the t2 measurement coincided with the time of discharge (t3 measurement), the data of t2 and t3 were identical.
The protocol of the present study was approved by the Medical Ethics Committee of the Institute for Rehabilitation Research and the Rehabilitation Foundation Limburg. All subjects completed a consent form after they had been given information about the test procedures.
Measurements
Tests used to measure specific AHSP at ICF level of basic activities were the VLT and the GRT; other tests measuring the level of independency at ICF level of complex activities were the FIM and the QIF.
VLT-SF The VLT 15, 21 assesses the actual performance of arm hand skills in persons with cervical SCI and looks at the way skills are performed. In the present study, the short version or research version of the VLT (VLT-SF) was used consisting of 10 items aimed at forward reaching, arm extension against gravity, thumb closure, grip function of the thumb, thumb strength, finger closure, finger strength, pen grip, lighting a match and opening a bottle. Some items involved basic arm skills like forward reaching, other items involved hand and finger skills like thumb closure and finger strength. The items pen grip, lighting a match and opening a bottle involved manipulation of objects.
Each item has been scored between 0 and 5 for the best hand, whereby score 5 represented the highest level of performance and score 0 represented that accomplishment of the task was not possible at all. The total score was the sum of all the different item scores with a maximum of 50.
GRT In the GRT, 12 subjects grasp, move and release six different objects as many times as possible in three 30-s trials for each object. Three objects have to be manipulated with palmar grasp and three objects with lateral grasp. The number of attempts, completions and failures are registered. For the present study, the average of the number of completions of the best hand was noted for each item and the total score was the sum of the six item scores. A close relationship between the total score of the GRT and the total score of the VLT-SF was found by Post et al. 15 
FIM
The FIM assesses the level of independence of the persons. 8, 9 In the present study, the Motor score of the FIM was used consisting of 13 items, 22 scored on a seven-point scale, varying from total assistance (1) to complete independence (7) with a maximal score of 91. Earlier research found that the FIM was useful in detecting changes in function over time in persons with tetraplegia. 23 QIF QIF is a specific and sensitive instrument to document the functional improvements achieved during the rehabilitation of tetraplegic patients. 24 In the current study, the short-form QIF was used, which has a high correlation with the long full version of the QIF. 25 The short-form consists of six ADL activities and each item is scored on a five-point scale (0-4) in order of increasing independence with a maximal total score of 24.
Data analysis
One of the programme partners combined the data into a collective database. The database has been verified by checking data with the original forms and by inquiring the research assistants. All test scores were rescaled to 100 to accommodate mutual comparison between test results of the different tests. To normalize the scores, a set maximum score for each test was needed. As the GRT did not have a set maximum score, 200 was considered as maximum score after testing people with unimpaired arm hand performance.
As the 'distribution-based responsiveness' has been used in the present study, responsiveness has been assessed using three methods: (1) comparing test scores measured at different times, 26, 27 (2) the standard response mean 19, 28 and (3) the effect size (ES). 29, 30 As to the first method, a Friedman test was used to detect significant changes in consecutive VLT, GRT, FIM and QIF scores across the three measurements between the onset of rehabilitation and discharge with the level of significance set at a ¼ 0.05. A Wilcoxon matched pairs signed-rank test was used to identify which intervals were significantly different. 26, 27 For multiple comparisons, the Bonferroni adjustment was applied (a ¼ 0.0167). It was expected that the tests used would be able to measure changes between t1 and t3. Because of the importance to be able to measure progress during rehabilitation, the present study will look at intervals within the rehabilitation process. As a result, following intervals have been selected: t1-t3: From start of rehabilitation to discharge. t1-t2: From start of rehabilitation to 3 months later. t2-t3: From 3 months after the start of rehabilitation to discharge.
As to the second and the third method, the standardized response mean (SRM), which is the mean change score divided by the standard deviation (SD) of the change score, 19, 28 and the ES, which is the mean change score divided by the SD of the baseline score, 29, 30 have been used. In the present study, we refer to 'delta values' as the mean change scores. The SRM and the ES were calculated for the three intervals mentioned above. For the interpretation of the SRM and the ES, a value of 0.20 was considered as a small degree of responsiveness, a value between 0.50 and 0.80 was considered as a moderate degree and a value of 0.80 or more was considered as a large degree of responsiveness. 31 To relate the responsiveness of the VLT to the other used test batteries, the Spearman's rho correlation coefficient was performed on the normalized SRM values with the level of significance set at a ¼ 0.05.
19,32
Results
In the present study, 60 persons from a total group of 83 persons were included.
Group composition and mean time between the measurements are presented in Table 1 .
Mean change scores or delta values of the three time intervals for the different test batteries and the different groups were calculated and are shown in Table 2 together with the Friedman test results. Values of the Wilcoxon's signed-rank test, the SRM and the ES for the three time intervals, the different test batteries and the different groups are presented in Table 3 .
In five of the 60 persons, t2 measurement coincided with the time of discharge and therefore t2 and t3 data were identical. Missing data (2%) were randomly scattered across patient characteristics and rehabilitation centres.
VLT There was a significant difference in the VLT scores across the three measurements (Friedman, Po0.001). More specifically, there was a significant difference between the intervals t1-3, t1-2 and t2-3 (Wilcoxon; Po0.001). The SRM for the VLT (SRM VLT ) was large for the intervals t1-3 and t1-2 and moderate for t2-3. The ES for the VLT (ES VLT ) indicated a moderate degree of responsiveness for the intervals t1-2 and t1-3.
A-B and C-D Significant differences in VLT scores across three measurements were found for both groups, that is, in persons with a C-SCI with an AIS A or B score (A-B group, n ¼ 34) and with an AIS C or D score (C-D group, n ¼ 26) (Friedman, Po0.001). The VLT scores of the A-B group as well as the VLT scores of the 
AIS, American Spinal Injury Association Impairment Scale
Measuring change in AHSP in persons with C-SCI AIF Spooren et al C-D group showed significant differences in all time intervals (Wilcoxon, Po0.003). In both groups, the SRM VLT was large for the interval t1-3 and t1-2 and moderate for the interval t2-3. As for the total group, the ES VLT of the A-B group and the C-D group demonstrated a moderate degree of responsiveness for the interval t1-3 and t1-2 and a small degree of responsiveness in the interval t2-3.
C3-C6 and C7-T1 Persons with a C3-C6 lesion (n ¼ 42) as well as persons with a C7-T1 lesion (Cohen, 1977) (n ¼ 18) showed significant differences in VLT scores across the three measurements (Friedman, Po0.001).
The VLT scores of the C3-C6 group as well as the VLT scores of the C7-T1 group showed significant differences in all time intervals (Wilcoxon, Po0.015). The SRM VLT of both groups indicated a large degree of responsiveness for the interval t1-3 and t1-2, whereby the SRM values for the C3-C6 group (1.24 and 1.02) were somewhat higher than for the C7-T1 group (0.88 and 0.81). For the interval t2-3, the SRM VLT of both groups indicated a moderate degree of responsiveness. The ES VLT was for the interval t1-3 large for the C7-T1 group and moderate for the C3-C6 group. For both groups, the ES VLT was moderate for the interval t1-2 and low for the interval t2-3.
VLT related to the GRT, the FIM and the QIF As shown in Table 3 , the VLT scores showed significant differences in the same time intervals as the scores of the GRT, the FIM and the QIF (Wilcoxon, Po0.001).
The SRM values indicated a large degree of responsiveness for all test batteries used is the present study for the intervals t1-3 and t1-2, although there was a slight distinction in the SRM values (see Table 3 ). The ES FIM and ES QIF indicated a large degree of responsiveness for the intervals t1-3 and t1-2, whereas the ES VLT and the ES GRT were moderate for these intervals. For the interval t1-3, the correlation between the responsiveness of VLT and the GRT was significant (Spearman's r ¼ 0.531) (Po0.01); the correlation between the responsiveness of the VLT and the FIM and the VLT and the QIF was very low (Spearman's r ¼ 0.075 and r ¼ 0.194, respectively). Correlation between the responsiveness of the FIM and QIF was also significant (Spearman's r ¼ 0.714) (Po0.01).
Discussion
Research question 1: Is the VLT responsive as to AHSP during rehabilitation in persons with C-SCI? According to the procedures used to measure responsiveness, it can be concluded that the VLT is indeed responsive for the interval t1-3, but also for the intervals t1-2 and t2-3.
As to the interval t2-3, there was a significant difference between the VLT scores at t2 and t3 (Wilcoxon, Po0.001), but SRM VLT and ES VLT were low to moderate. This can be explained by the fact that in some cases (n ¼ 5) t2 ¼ t3. As a consequence, the mean delta value of the total group was reduced for this interval. Although both ES and SRM are responsiveness measures, they do not always indicate the same level of responsiveness of the VLT. The ES VLT indicated a moderate degree of responsiveness where the SRM VLT indicated a large degree of responsiveness. This can be explained by the fact that the SDs of the baseline scores (used as the denominator in the ES) were higher than the SDs of the delta scores (used as the denominator in the SRM).
Research question 2: Is the VLT responsive in persons with a C-SCI with either an AIS A-B score or an AIS C-D score? From the current study, it can be concluded that the VLT is responsive in both groups in all intervals. This means that the VLT can be used to measure changes in AHSP in both persons with C-SCI with an AIS A or B score and in persons with an AIS C or D score during the total rehabilitation process. As a consequence, clinicians, by using the VLT, may be able to objectify changes in the quality of movement in both groups, regardless of the degree of completeness. It was expected that the degree of responsiveness for the C-D group would be higher than for the A-B group as the former often make more progress. [33] [34] [35] However, this hypothesis was not confirmed by the VLT test results.
Research question 3: Is the VLT responsiveness in persons with a C3-C6 lesion and persons with a C7-T1 lesion? The VLT is responsive in both groups in all intervals. This means that the VLT is able to measure changes in AHSP and to provide information about the changes in quality of movement during the entire rehabilitation process both in persons with a high C-SCI and in persons with a low C-SCI.
Research question 4:
How does the responsiveness of the VLT relate to the responsiveness of the GRT, the FIM and the QIF? In general, it can be concluded that the VLT has, with a few exceptions, the same degree of responsiveness as the GRT, the FIM and the QIF. However, the SRM and ES values were somewhat higher for the FIM and the QIF. This can be explained by the higher variance of the delta scores and the baseline scores of the VLT and the GRT (as shown in Table 2 ). But from clinical point of view, there is also an explanation of the higher responsiveness values of the FIM and the QIF. The FIM and the QIF both measure the level of independency, which involves more complex activities than activities at basic level as tested by the GRT and the VLT.
11 Therefore, they may detect changes that are not solely influenced by changed AHF and AHSP, for example, changes in transfers (measured by the FIM) cannot be attributed to changes in arm and hand only. Furthermore, in the FIM and the QIF, no record is kept whether items are performed with help of assistive technology or whether tasks are performed bimanually, as their aim is to assess independency. In contrast, the VLT and the GRT mainly focus on the best hand and do not allow compensations or assistive technology. As a consequence, the test results of the VLT and the GRT are mainly attributed to the performance of the tested arm and hand. Therefore, less progress is expected in the VLT and the GRT and the responsiveness values may be lower than for the FIM and the QIF.
This clinical explanation was statistically corroborated by the correlation of the SRM values in the present study. A significant correlation was found between the test batteries, which measure at the same level of AHSP, that is a significant correlation between the VLT and the GRT (which both measure at basic activity level) and a significant correlation between the FIM and the QIF (which measure at complex activity level). The relation between the VLT and the FIM or the QIF was not significant. This means that changes detected by the VLT do not correspond well with changes measured by the FIM or the QIF and correspond partly with changes measured by the GRT. However, although the correlation between the VLT and the GRT was significant, the information both test batteries provide is totally different. The GRT expresses the quantity of how many times a specific task can be performed and focuses mainly on the hand, 13 whereas the VLT provides information about the quality of a movement, that is the way certain tasks are performed and how arm and hand are involved. In contrast to the VLT, the GRT was already found significantly sensitive to detect changes in the total number of objects that can be handled after surgery as compared to the number of objects handled before surgery. 13 In the present study, both the VLT and the GRT were found to be responsive to detect changes in hand performance during rehabilitation in persons with C-SCI. However, as they provide different information and changes measured by the VLT correspond partly with changes detected by the GRT, the changes measured by the VLT may provide important additional information to evaluate and objectify AHSP.
Methodological considerations
Some limitations may be identified in the present study. Sixty persons from a total group of 83 persons were included. Although this is not a very large group, it can be considered to be a good representation of the total C-SCI population as the group of 83 persons was the majority of the C-SCI persons admitted in the rehabilitation centres specialized in SCI for the last 3 years in the Netherlands. Other persons with a C-SCI were excluded from the programme because of different reasons, that is, progressive diseases, psychological problems, language problems or refusing to participate in the program. Another limitation was that only the best hand was measured for the VLT and the GRT. As a consequence, some people did not make much progress, because they had reached almost the maximal score with their best hand and other people were excluded because their 'best hand' was unimpaired. The variance of the VLT scores was somewhat high, which might diminish when assessing a larger sample. However, when the group was split into subgroups to answer questions 2 and 3, we could still establish responsiveness for the VLT, indicating the variance was less of a problem in this study.
When evaluating responsiveness, it would be ideal to have two baseline measurements before follow-up measurements. 19 Because this was too demanding for the participants at that specific time so early in their rehabilitation programme, only one baseline measurement was taken. Furthermore, one might argue that a learning effect may have influenced the responsiveness, that is, the patient being more familiar with tests the second time. However, there are some arguments against this phenomena occurring. Firstly, patients received information about the measurements and had some training trials before measuring to familiarize themselves with the tests. Secondly, the measured tasks were commonly used activities that were also practised during therapy. Thirdly, the time between subsequent measurements was very long, so that the chance that learning effect would take place was very small. Guyatt et al 36 defines responsiveness as the ability to detect minimal clinically important differences. Looking at the values of the SRM and the ES, it can be concluded that the VLT is responsive and therefore able to detect changes, without explicitly quantifying the level of clinical importance of the detected changes. However, Snoek et al 2 stated that the improvement in AHF and AHSP is a major issue in the quality of life of tetraplegic patients and that very small improvement in AHF and AHSP is already clinically relevant. The detected change in AHSP by the VLT may indicate a clinically important change. Future research could statistically verify whether this change detected by the VLT is really clinically important.
Conclusion
The VLT is responsive to measure changes in AHSP during rehabilitation in people with a C-SCI and may provide important additional information about changes in AHSP.
